Study Design: Descriptive cross-sectional study. Purpose: To determine the frequency of lumbosacral transitional vertebrae (LSTV) in patients with low back pain (LBP) and the role of iliolumbar ligament (ILL) origin from L5 in LSTV cases. Overview of Literature: Transitional vertebrae are developmental variants of the spine. LSTV is a common congenital abnormality, and failure to recognize this anomaly may result in serious consequences during surgery. Methods: All patients aged 11-90 years of either gender with LBP for any duration, who presented for X-ray and magnetic resonance imaging (MRI) of the lumbosacral spine, were included. X-rays of the lumbosacral spine in anteroposterior and lateral views were acquired. In addition, T1-and T2-weighted sagittal and axial MRI was performed. Images were evaluated on a workstation. Results: Of 504 patients, transitional vertebrae were observed in 75 patients (15%). Among them, 39 (52%) patients had Castellvi type III and 36 (48%) patients had Castellvi type II. However, on MRI, 42 (56%) patients had O'Driscoll type II, 18 (24%) patients had O'Driscoll type IV, and 15 patients (20%) had O'Driscoll type III. ILL origin from L5 was significantly higher (n=429, 100%) among patients with a normal lumbosacral junction than among patients with a transitional lumbosacral junction (n=22, 29.3%) (p<0.001). Conclusions: LSTV occurs at a high frequency in patients with LBP. Furthermore, in the presence of LSTV, the ILL is not a reliable marker for the identification of L5.
Introduction
Lumbosacral transitional vertebra (LSTV) is a common congenital abnormality of the lumbosacral spine. It is described as a condition in which there is complete or partial fusion of the enlarged transverse process of the lowest lumbar vertebral body with the sacrum, termed as sacralized or partially sacralized L5. The S1 vertebra can also be seen as separate from the sacrum termed as lumbarized S1. This condition was first described by Bertolotti [1] and is sometimes referred to as Bertolotti syndrome. The prevalence of this common condition has ranged from 4% to 35.6% in the literature from various populations [2] [3] [4] .
Pain in the lower back is common [5] and is a frequent cause of morbidity in old and young people alike. The lifetime prevalence of this condition ranges from 60% to 85% [6] [7] [8] , and it can cause a significant loss of work hours, particularly in young patients. Magnetic resonance imaging (MRI) is the initial imaging modality of choice in cases of low back pain (LBP). With the frequent use of MRI, the role of radiography in the evaluation of LBP is now limited. It is important to identify LSTV on MRI to prevent complications during surgical management that may arise because of variant anatomy. Although LBP is frequently related to degenerative disc disease, studies have revealed that it is also associated with LSTV. Previous plain radiography-based studies have shown that LSTV types II and IV are strongly correlated with LBP [3, 9] . The radiographic classification of LSTV has been well established by Castellvi [10] . Transitional lumbosacral junction morphology is well appreciated on sagittal MRI. Based on MRI findings, O'Driscoll et al. [11] divided the transitional lumbosacral junction into four types according to the presence of disc material in the uppermost sacral segments.
On axial images, a normal L5 can be identified by the origin of the iliolumbar ligament (ILL) in the presence of a normal lumbosacral junction. Different cadaveric and MRI-based studies have shown the origin of ILL from L5 [12] [13] [14] . However, scarce data exist on the origin of ILL in the presence of a transitional lumbosacral junction. Therefore, we had three major aims: (1) to determine the prevalence of LSTV in patients with LBP, (2) to determine the association of LSTV with age and gender, and (3) to assess the reliability of the origin of ILL from L5 in the presence of LSTV.
Materials and Methods
We retrospectively reviewed the findings of MRI and radiography performed from January 1, 2016, to June 30, 2016. All patients aged 11-90 years of either gender who presented with lower back pain for any duration and underwent both MRI and X-ray of the lumbosacral spine were included in this study. Patients with a history of traumatic injury to the spine or vertebral column, infectious diseases involving the spine, and a history of spinal surgery were excluded.
This study is approved by the Research Evaluation Unit (REU) of College of Physicians and Surgeons of Pakistan (RAD-2012-256-1429). The requirement of informed consent was waived as the data were retrieved from Picture Archiving and Communication System (PACS).
MRI procedure and image analysis
In all patients, MRI of the lumbosacral spine was performed using either a 0.4-T or 1.5-T scanner (GE Medical Systems, Milwaukee, WI, USA). Both T1-weighted spinecho images in the sagittal plane and T2-weighted fastspin images in the sagittal and axial planes were acquired. Coronal localizer images, if available, were evaluated for the articulation of the transverse processes with the sacrum. Images of the entire lumbosacral spine were acquired as per routine protocol. Image interpretation was performed on a workstation by a radiologist with experience of >5 years in reporting MRI scans as a consultant radiologist. Standard imaging protocols used for MRI are summarized in Table 1 .
X-ray procedure
Plain radiographs of the pelvis in anteroposterior and lateral views were acquired. Radiographs were acquired through digital radiography using a CR radiography system (Fuji Medical Systems, USA Inc., Stamford, CT, USA) with exposure settings of 60-90 kV and 30 mAs. Image interpretation was performed on workstation by a consultant radiologist with more than 5 years of experience in reporting of plain radiographs. 
Classification of LSTV
X-rays and MRI scans were evaluated together for the presence (or absence) of a transitional lumbosacral junction. Reviewers were not blinded to each other's results. Initially, plain radiographs were reviewed, followed by MRI scans. Lumbosacral transitional vertebrae on X-rays were classified according to the Castellvi classification ( Table 2 ) [10] . Following the identification of the lumbosacral junction on plain radiographs, LSTV on MRI scans was labeled according to the method of O'Driscoll et al. [11] (Table 3 ). Axial cuts at the level of the last lumbar vertebra in both normal and transitional vertebrae cases were evaluated for the presence of ILL. ILL appears as a hypointense band arising from the transverse process of the last lumbar vertebra and extending up to the iliac crest. Different studies have shown that ILL arises from L5 [12, 13, 15] .
Data analysis
Statistical analysis was performed using SPSS software ver.
22 (IBM Corp., Armonk, NY, USA). The mean and standard deviation were calculated for the age of the patients. Frequency and percentages were calculated for variables such as age categorization (<20 years, 20-40 years, and >40 years), gender, and the presence of transitional vertebrae on X-ray and MRI. To determine the differences in the X-ray and MRI characteristics according to age, the unpaired t test and one-way analysis of variance were applied; for the age categories and sex, the chi-square and fisher exact test were applied. A p-value of <0.05 was considered significant.
Results
Among 504 patients, the mean age was 43.26±14.32 years (range, 13-82 years). Majority of the patients (n=282, 56%) were older than 40 years, followed by those aged 20-40 years (n=195, 38.7%); only 27 patients (5.4%) were younger than 20 years. The number of male patients (n=267, 53%) was slightly higher than the number of female patients (n=237, 47%).
X-ray and MRI analysis revealed that majority (n=429, 85.1%) of the patients had normal vertebrae, whereas transitional vertebrae were observed in 75 patients (14.9%). Of these 75 patients, 39 (52%) had Castellvi type III and 36 (48%) had Castellvi type II. Based on MRI findings, 42 patients (56%) had O'Driscoll type II, 18 (24%) patients had O'Driscoll type IV, and 15 patients (20%) had O'Driscoll type III.
The frequency of ILL origin from L5 was significantly higher (n=429, 100%) among patients with a normal lumbosacral junction than among patients with a transitional lumbosacral junction (n=22, 29.3%; p<0.001) (Fig. 1) .
Based on X-ray findings, patient age was significantly Table 2 . Castellvi classification of LSTV [10] Type Classification 
Discussion
The results of this study reveal a considerable frequency of LSTV. A comparison of this finding with similar studies in patients with LBP revealed somewhat similar results reported by Nardo et al. [3] and Tang et al. [9] . However, Olofin et al. [16] , Delport et al. [17] , and Masud et al. [18] have reported a higher prevalence of LSTV and Oyinloye et al. [19] have reported a lower prevalence than that described in this study. This variability may be due to differences in the sample size and age groups. Moreover, the prevalence of LSTV was higher in studies that selected lower back pain patients, whereas lower prevalence was A B Chi-square test applied; *p<0.05.
observed in community-based studies [17] . The findings of the present study indicate a high prevalence of LSTV in male patients. Although this association was insignificant, a higher prevalence in male patients has also been reported in several other studies [3, 16] . On both T1-weighted and T2-weighted MRI, ILL is seen as a band of low signal intensity arising from the transverse process of L5 [13] . In the presence of a normal lumbosacral junction, ILL originates from L5 [12, 13, 15] . The findings of our study indicate that in the presence of a transitional lumbosacral junction, only some cases had the origin of ILL from L5 (Fig. 2) . In the majority of cases, ILL did not originate from L5. Similar findings were also reported by another study [20] . Farshad-Amacker et al. [20] reported that in the setting of LSTV, the origin of ILL is quite variable, and it is not a reliable landmark for the identification of L5. It can be reliably stated that in the presence of a transitional lumbosacral junction, ILL origin does not serve as a reliable marker for the identification of L5. Therefore, sagittal and axial MRI along with coronal localizer images, if available, should be viewed together for an accurate depiction of the transitional lumbosacral junction. In addition, communication between the surgeon and radiologist is essential to avoid surgery at the wrong level.
However, our study also had a few limitations. Firstly, ILL was only assessed at L5 and in cases of non-origin from L5; other origins were not evaluated. Secondly, only MRI scans for which concomitant radiographs of the lumbar spine were available were evaluated. Patients were not exposed to any additional radiation for this study. Lastly, our study population only comprised patients with LBP. A study in an asymptomatic population can be conducted to gain further insights into this condition.
Despite these limitations, this study was the first to establish the prevalence of LSTV in a low back population from a developing country, using both plain radiographs and MRI scans. A large-scale comparative study between MRI and radiographic findings should be conducted by identifying the best MRI criteria and radiographic correlations for the improved evaluation of LSTV on MRI.
Conclusions
LSTV occurs at a high frequency in patients with LBP. Furthermore, in the presence of LSTV, ILL is not a reliable marker for the identification of L5.
